This study considers an agricultural land use plan using multi-agent simulation in the agricultural area of Nakhon Pathom Prefecture, Thailand, where small-scale croplands of various products exist. In formulating the simulation, interviews with farmers were conducted and a research index of the area was used so that the opinion of the stakeholders will be reflected in the plan. This study is comprised of the following research and analysis. 1) Interviews with farmers concerning future land use 2) Field study of the size of the croplands and the kinds of products 3) Construction of the simulation 4) Calculation of the transportation distance, transportation cost and impact on the environment As a result of the simulation to integrate the croplands of the same products, it was found that pursuing integration to the end does not necessarily reduce the transportation cost and environmental impact. It is effective to conduct integration while paying attention to the cost effectiveness.
Introduction
This study is a part of a series of studies conducted jointly between Meisei University in Japan and Mahidol University in Thailand on agricultural land use policy in Thailand.
Social Background
In recent years, awareness of natural environmental problems is increasing worldwide against the backdrop of global warming. In agriculture, which has a close relation with the natural environment, measures such as reduction of the amount of pesticide used and change of ways of agriculture are happening in view of preserving the natural environment. Also, the shift of emphasis from quantity to quality of agricultural products is underway in the supply system due to the demand for safe foods. Under these circumstances, environmentally friendly production and supply of agricultural products is gaining attention in the developing countries in South East Asia. In Thailand, the target country of this study, the shift of agricultural business policy from quantity to quality is progressing as well. This trend is being pushed having in view the introduction of agricultural policy guidelines for reducing environmental loads by setting numerical targets on national, prefectural and municipal levels and an increase in demand for organic agricultural products.
The Thai government has formulated the "10 t h National Economic and Social Development Plan" targeting years 2007 to 2011 based on the Enhancement and Conservation of National Environmental Quality Act promulgated in 1992. It is stated in this plan that social and economic development will be planned with consideration for the environment 1), 2) and it is influencing some of the industrial laws. However, as the plan has just been formulated, there is no indication of the actual way to set goals in agriculture or to introduce possible environmentally friendly measures. On the other hand, the farmers engaged in agriculture, and agricultural business owners such as sellers of agricultural products, and landowners have an interest in reducing the amount of pesticide and introducing organic agriculture and are fully aware of natural environmental problems. However, as profitability comes first for farmers and agricultural business owners, it is very difficult for them to take concrete measures that correspond with the intention of the government to reduce environmental load. Thus, it is an urgent matter to introduce a practical agricultural guideline that takes into account the intentions of the stakeholders in agriculture such as farmers, agricultural business owners and the government.
The Purpose of the Study 1) The viewpoint of the Study
This study is a part of a series of studies to consider introduction of guidelines for a practical agricultural land use plan in order to reduce environmental loads through interviews with stakeholders and conversion simulation of agricultural land use ("simulation"). In this study particularly, increase of production efficiency, reduction of transportation cost and diminishing of environmental loads by transportation is considered by simulation of the integration of farmland based on interviews with farmers.
Among the past research related to this research, there are some that were carried out from the viewpoint of urban planning and agricultural science. For example, Iida et al. 3) reported on the new relationship of agriculture and food which is progressing in Rhoen, Germany. Yoshida et al. 4) have collected examples of agricultural production and management and consumption systems in Cuba from the viewpoint of sustainability and have pointed out some problems. In these recent studies, it is aimed to bring out problems from the examination of the present situation and they have not reached the point of considering concrete plans that are effective for the future. Concerning research on the agriculture in Thailand, Kaewtrakulpong et al. 5) have pointed out that improvement of cost efficiency can be expected in sugar cane farming by machine distribution based on the sharing of agricultural machines. However, it lacks the viewpoint of environmentally friendly agricultural land use planning that is a recent task.
Next, concerning agricultural land use planning using simulation, Endo 6 ) , 7 ) , 8 ) made some future simulations based on the results of interviews with agricultural stakeholders, from the viewpoints of preservation of agricultural land and expansion of leased land. These are similar to the methods of this study, however, the regional background and the purpose of this study are very different. Especially, the detailed agricultural policy that should be aimed for doesn't exist in Thailand. Therefore, in this research, the authors' investigate agricultural land use in the frame of the above-mentioned environment.
Moreover, Watanabe et al. 9) used cellular automata to make a model of changes in urban formulation using past data of land form, transport network, and population in developing an environmentally friendly urban development support tool. In the research, however, no consideration is given to reflecting the lives and practical opinions of the people living there.
In addition, concerning transportation cost and environmental-friendliness, there are many research accumulations from economical effects and problems of car exhaust. However, research that relates to agricultural land use is not found. In the research that relates to this study, Taniguchi et al. 10) have analyzed the mode of transportation when farm products are transported. In this research, the authors' ascertained the transportation situation of products and constructed a simple simulation. In addition, they measured transportation cost and the environmental impact. Concerning the formulation of an environmentally friendly plan reflecting the opinion of the residents, Matsuyuki et al. 11), 12) have conducted a study focusing on the process of consensus making among the residents, change and development of the people's opinion and its social background, but did not propose any future plan.
2) Aim of the Study
Judging from past research, it is clear that the simulation method is effective for formulating an agricultural land use plan. Reflecting the resident's opinion in the simulation is considered to be very important as well. Therefore, in this study, the aim is to develop an agricultural plan for reducing the environmental loads using simulation reflecting the situations of the stakeholders who engage in agriculture through consultations. Practically, interviews were conducted with the stakeholders about their ideas concerning future agriculture from the viewpoint of pesticide use and an agricultural land use plan. A simulation reflecting their situation was made and the effect from transportation cost and the effect on the environment analyzed.
Method of Research 2.1 The Outline of the Objective Region
The research target region, Nakhon Pathom prefecture, Thailand, is located about 50km west of the capital city of Bangkok and its main industry is agriculture ( Fig.1.) . The main products are grains such as rice and corn, fruits such as pomelo and mango, asparagus and flowers. Concerning rice, there are vast open croplands in the north of the region, while other fruits, vegetables and flowers are grown in small croplands in the mixed agricultural areas. These mixed agricultural areas are distributed along the Tachin River that flows through the region, which is crisscrossed by irrigation channels.
In this study the mixed agricultural area in Nakhon Pathom prefecture, in which there are many problems such as productivity and the use of pesticides, is focused on in particular and future agricultural guidelines will be considered.
Method of Research
This study will follow the following four steps. Below are the outline of the method of research and ways of analysis in each step.
Step 1) Interviews with farmers
Interviews were conducted with farmers in the target area about their opinions concerning the present and future agriculture. Opinions concerning matters related to the environment such as use of chemicals including pesticide and change of croplands when the agricultural land use plan is enforced, were collected in the interviews as shown in Table 1 .
Step 2) Comprehension of the Present Situation regarding Agricultural Land Use
The present situation of agricultural land use in the target area was studied as the basis for the consideration of future agricultural guidelines. A field study of the target area concerning the kinds of agricultural products and the area of cropland was conducted ( Table 2. ). Concerning the cropland area, the distances between the vertexes of croplands were measured by a GPS counter after measuring several points as basic distances by the same method. The Geographic Information System ("GIS") was used for calculation.
Step
3) Formulation of the Simulation and Verification of its Validity
First of all, an agricultural land use model for a future agricultural land use plan was contrived from
Step 1). From Step 2), the present composition ratio of cropland per product and the mean value of the cropland area were calculated and the basic simulation of land use was worked out from these data. Integration of the same agricultural products was simulated in this study, while the validity of the set parameters was questioned as well.
Step 4) Measurement of Transportation Cost and Environmental Impact
Conditions for measuring the transportation cost were added to the basic simulation contrived in Step 3) and the transportation cost was roughly calculated. This transportation cost can be an indicator of the amount of gas emissions by transportation.
Study Result 3.1 Result of the Interview
Concerning items shown in Table 1 ., interviews were conducted with 15 farmers (number of farm households) annotation 1) . The interview results concerning change of land use are shown below.
1) The Situation of Agriculture
As shown in Table 2 ., the mixed agricultural area consists of various crops and various sizes of cropland. There are cases where one farmer owns one cropland and others where they own two or more, especially in cases where the farmer does not keep growing the same crops. Crops are changed about every five years for several months.
2) Concerning Land Use Change
There were 5 farmers who answered that they do not want to change the cropland. The main reasons were because they are the landowners of the cropland and the quality of its soil is good. There was concern that the same level of income may not be secured when they change the cropland.
The reasons for accepting the change of cropland (2 farmers) were that they want to be away from factories, and the relationship with their landowners. There were 7 farmers that answered that they can accept the change of cropland if certain conditions are met such as guarantee of a good environment (the farmers were Table 1 . Question Items suffering from incompatibility concerning pesticides with neighboring farmers and of water availability suitable for their products) and government support until production becomes stable.
3) Concerning the Use of Pesticide and Chemical Fertilizers
The farmers answered that pesticide is indispensable except for flowers for perfume. The amount of pesticide used increased in the harvesting season especially for fruits (the amount used for grapes is markedly high among others). The use of chemical fertilizer depended on the farmers and the kind of products. There were farmers who are using or have the experience of using organic fertilizer. Concerning farmers who have once used organic fertilizer but have stopped using it, the reasons for giving it up were the low cost effectiveness, low immediate effect and influence from neighboring farmers. In this connection, there are worries regarding chemicals spreading from other neighboring farms. Concerning this influence from neighboring farms, the farmers are taking measures such as changing the timing of planting and harvesting in order to coexist with incompatible neighboring products, but on the other hand, there are many farmers that count on the integration of croplands of the same kind of products.
Comprehension of the Present Situation of Agricultural Land Use
Surveys on the kinds of products and the area of cropland were conducted at 143 points in the target area. Among these, 112 points were chosen as standard information for mixed agricultural areas based on the GPS information. The result of the survey is shown in Table 2 . "Mixed Planting" in the table indicates planting of mixed fruits such as pomelo, banana, jackfruit, mango and coconut.
Construction of the Simulation 4.1 Formulation of the Basic Policy of Agricultural Land Use Plan Based on the Interviews
Here, the basic policy of an agricultural land use plan was formulated based on the farmers' situation and opinions obtained in 3.1. The basic proposal can be concluded as follows.
Proposal 1) Integration of Croplands of the Same Kind of Products
When the fact that farmers will continue using pesticide and don't keep on cultivating the same crops are taken into account, it is easy to assume that a more effective use of pesticide and better consideration regarding the environment is possible when croplands producing the same products are integrated. If integration is conducted alongside soil improvement, improvement of productivity and a smooth shift to organic farming using organic fertilizer can be expected and can reduce the amount of use of chemical fertilizer. Another point expected for better environmental consideration is purification of the irrigation water. Now farmers are using the irrigation channels separately. By integrating the irrigation channels and attaching a purification facility to them, effective purification of the irrigation water is expected. Furthermore, integration merits such as the sharing of agricultural machinery can also be expected.
Proposal 2) Integration/Separation of Compatible/ Incompatible Products
It is understood from the interviews that there are compatible and incompatible products from the viewpoint of use/disuse of pesticide. By integrating/ separating these compatible/incompatible products, improvement of productivity is expected as the farmers do not have to change the timing of production in order to escape the bad effects from incompatible products of neighboring farms. (Fig.3.) Firstly, 50x50 square cells are assumed to be the agricultural land use situation and will be the environment to conduct the simulation. To these 2,500 squares, agricultural products are given at random based on the composition of data taken by the field study. The details of the simulation are as follows.
Outline of Simulation

1) Data from the Field Study
The data of the present situation of agricultural land use obtained in 3.2 is used as the initial setting of the simulation. The data used are the composition ratios of each product in the target area and the length of the side of a cell.
annotation 2) The composition ratio of the initial cells is equivalent to the composition ratio shown in Table 3 . Mango, rose apple, dragon fruit and banana are put together as type 6 to simplify the simulation because their production process is similar.
2) The Process of Simulation 1: For the initial setting, 50x50 cells were produced and type 1 to type 0 were produced at random reflecting the ratio based on the field study as was explained in 1) (Fig.3-1, 3 -2). 2: Select one cell at random from the initial setting (Fig.3-3 ). 3-a: Go back to 2 if the selected cell is type 0 (vacant) (Fig.3-4) . 3-b: In case the selected cell is type 1-9, judge if the cell has the ability to integrate. The judgment is based on how many of the surrounding 8 cells (Moorish Neighborhood) are of the same kind with the selected cell ( Fig.3-5 ). 4-a: If there are 4 or more cells that are the same kind as the selected cell, it is judged that the cell has the ability to integrate annotation3) and return to 2 ( Fig.3-6 ). 4-b: In case there is less than 3 cells (Origin 3), or less than 4 cells (Origin 4) that are the same kind as the selected cell, it is judged that the cell does not have the integration ability and will move to the Moorish Neighborhood of a nearby cell of the same kind (Fig.3-7) . 5: The place to move is the cell of type 0 within the Moorish Neighborhood of a nearby cell of the same type. The first priority for moving is that there are no type 5 or type 8 cells in the Moorish Neighborhood annotation 4) , the second priority is the Manhattan distance and the third priority is the place where there are more cells of the same type in the Moorish Neighborhood (Fig.3-8, 3-9) . When the number of cells of the same type is the same, the place to move is selected at random from those cells. In deciding the moving place, type 3 and type 6 are regarded as the same type as the products and are very compatible. After moving, go back to 2 and the turn is over. This is the basic integration simulation.
Outline of the Simulation Result
The result of the above simulation is shown in Fig.4 . Fig.4.-1 shows the initial setting and Fig.4.-2 shows the result after 100,000 turns (turn "number"). The type of the cropland (type "number") is indicated in colors and as the figure on the cells.
The Behavior of the Basic Simulation
In order to confirm the behavior of the simulation, the results of 10 simulations were compared. The parameters that are compared were the number of times the cell moved, and the type-by-type number of masses (number of integrations). For comparison, the same initial setting was used. Fig.5 . shows the transition of number of times Origin 3 moved. The cells movements increase as the turns increase. The adjusted standard at turn 1,000 was 24 times and that at turn 100,000 was 340 times. It does not increase in proportion to the number of turns. In the case of Origin 4, the adjusted standard at turn 1,000 and turn 100,000 were 28 times and 203 times respectively and the same tendency was observed.
1) The Transition of the Number of Times the Cell Moved
2) The Transition of the Number of Integrations
The number of integrations is biggest at the first turn as the cells are scattered (Fig.4.-1) and it decreases as the turns increase and the cells form bigger masses (Fig.4.-2) . The relations between the number of turns and the number of consolidations are illustrated in (Fig.6.-2) .
As stated above, types 1-8 showed similar behavior in all trials. Thus, the result of one simulation will be shown in the following analysis.
Measurement of the Transportation Cost
T h e r e s u l t o f t h e p r o g r a m t o c a l c u l a t e t h e transportation cost added to the basic simulation is shown.
1) The Outline of the Program
The initialization of the simulation from the viewpoint of transportation cost imitated the real situation in which most farmers bring farm products to the local market by themselves.
A road that runs vertically was created on the 50x50 (Fig.7. ). It was assumed that the consolidation points are at both ends of the road annotation 6) , and the distance to the consolidation points were calculated by the number of cells. The cells integrated more as the number of turns increased, and the number of cells to the consolidation points at both ends from the barycenter of the cell masses were calculated. This means that the products are consolidated within the mass and then are carried to the consolidation points at both ends as the integration progress.
The number of cell masses indicates the amount of products to be transported. It was assumed that one cell is equivalent to one pickup truck full of shipment annotation 7) , and that the amount of shipment per cell is as follows; 1 cell = 1 pickup truck, 2 cells = 1 medium size truck, and 4 cells = 1 heavy truck. Fuel consumption ratio and CO 2 emission coefficient are set for each type of truck annotation 8) (Table 3. ). The effect of integration of the croplands will be calculated from the above distance by the number of cells, transportation efficiency by the size of the cells, transportation efficiency by the size of the truck, fuel consumption ratio and CO 2 emission coefficient. Fig.8 . is the total transportation distance (the distance between the barycenter of each cell mass to the consolidation point was accumulated and was output after every 1,000 turns). The total transportation cost of the whole cell area shown in Fig.7 . (total cost) in the case of introducing pickup, medium size and heavy trucks were calculated by multiplying the transportation distance, the amount of products transported and fuel consumption of the trucks of each cell mass. Fig.9 . shows the transition by every 1,000 turns. The CO 2 emission coefficient was similar to fuel consumption coefficient, and showed similar behavior to the graph of transportation cost. In the following analysis transportation cost and environmental impact are treated equally.
2) Result of Calculation
The total transportation distance declines drastically up to 9,000 turns and then declines gradually. This behavior interlocks with the behavior of cell integration as shown in Fig.6 .-1. It indicates that integration is effective in reducing the transportation distance.
Concerning transportation cost (environmental impact), the pickup truck showed almost the same value as it carries products from all the cells to the consolidation points. It is indicated that transportation cost can be reduced slightly by using medium size trucks. In the case of using heavy trucks, the transportation cost can be reduced 76% (minimum) at the 1,000th turn compared to pickup trucks, and 64% (maximum) at the 99,000th turn. This declines rapidly up to the 9,000th turn and then declines gradually. Concerning transportation cost (environmental impact), it is indicated that integration is effective to some degree.
Conclusion
In this study the following was carried out in order to formulate an agricultural land use plan that reflects the situations of farmers.
1) The simulation thought about from the farmer's real situation was constructed for future agricultural land use.
2) Lowering of transportation distance in shipping the products and transportation cost (environmental impact) were confirmed by the simulation. However, transportation cost does not decline after a certain point.
3) From the above analysis, if the number of turns is seen as the cost for cropland integration, it can be said that it is necessary to consider the cost effectiveness of integration cost and transportation cost (environmental impact) in carrying out the integration.
Annotations
1) The kinds of products of the farmers interviewed are flowers (for cut flowers, for perfume), pomelo, coconut, banana, mango, rose apple, dragon fruit, jackfruit, grape, guava, sugarcane, rice (4 types) and vegetables (beans, kale, Chinese cabbage, lettuce, coriander, cassava, aroid and red pepper).
2) The actual length of a side of a cell has nothing to do with the simulation in this study. 3) Trial simulation was conducted setting the number of cells at 1, 2, 3, 4 and 5 and efficient integration was observed in cells 3 and 4, so these will be described in this study. 4) This condition does not apply when type 5 (no chemical flower) and type 8 (grape) themselves are selected. 5) Initially, type 8 had the same number of cells as type 9, but as its 6) The transportation cost beyond the cell area can be calculated easily, so it is not included in this study. 7) Shipment of agricultural products is actually conducted by each farmer by pickup truck in Thailand, and it is said to be one of the causes of traffic congestion and air pollution. 8) Actual test measurement data of the National Institute for Land and Infrastructure Management was referred to. The value at 40km/h was adopted uniformly in this study. 9) In the case of introducing a medium size truck, a mass of one cell was carried by a pickup truck and the rest was carried by the medium size truck. In the case of introducing a heavy truck, a mass of one cell was carried by a pickup truck, a mass with two cells was carried by a medium size truck and the rest was carried by a heavy truck.
